After each series of examinations the reaction chamber is cleaned with a 1%0 solution of triethanolamine stained with phenol red; this is followed by lactic acid water.
little balls in the reaction chamber I to 2 ml. of 200,, ferricyanide solution is introduced into the reaction chamber and shaken well. Lactic acid and water follow as above.
Improvements In a later model of the apparatus we introduced a magnetic stirrer,* which permitted vigorous mixing of the contents of the reaction chamber without the need of manual shaking. A twisted piece of stainless steel wire was enclosed in the reaction chamber and set into violent motion by means of a vibrator.
Summary
The apparatus described permits accurate determination of the CO2 content of 0.05 ml. and 0.1 ml. samples of plasma. The calibration of the apparatus is so as to permit direct reading of the results from Van Slyke's nomogram. REFERENCES Natelson, S. (1951) . Amer. J. clin. Path., 21, 1153. Rappaport, F., and Eichhorn, F. (1955 Three main difficulties are encountered in the colorimetric determination of iron in serum as follows.
(1) Owing to the minute amount of iron present, a large sample of serum must be used and, even so, the sensitivity of most of the available methods is low.
UJsing 22' dipyridyl, 1: 10 phenanthroline, thiocyanate, or thioglycollic acid to develop the colour, it is usual to obtain an optical density of 0.03 to 0.04 on analysing a sample containing 100 S±g. of iron'l00 ml. using a final dilution of I in 4 and employing 10 mm. cells and the most favourable wavelength or filter. The range of optical densities between which the relative error is least is 0.2 to 0.7 (Archibald, 1950) , and below an optical density of 0.1 the relative error increases rapidly. Recently 4: 7 diphenyl 1: 10 phenanthroline has been used for the determination of iron in serum (Peterson, 1953) . This reagent gives a red colour with ferrous iron, having an optical density two to three times as great as that obtained using conventional reagents, and the iron complex is insoluble in water and can be extracted and concentrated from an aqueous medium by means of amyl alcohol or hexanol. Some Iron Reagent.-One hundred mifligrams 4: 7 diphenyl 1: 10 phenanthroline (Light) are weighed into a boiling tube and 0.5 ml. of chlorosulphonic acid added. The mixture is boiled for 30 seconds over the pilot flame of a Bunsen burner. After cooling, 10 ml. of water is cautiously added and the tube is heated in a glass water-bath at 100°C. until the precipitate has dissolved completely (after five to 15 minutes). After adding sufficient water to bring the volume to 100 ml., 1 ml. of thioglycollic acid is added.
All the reagents keep indefinitely.
Procedure
Serum, 2 ml., is transferred to a 15 ml. cylindrical centrifuge tube and 2.5 ml. of water and 1.5 ml. of 20% T.C.A. added with mixing by lateral shaking. The tube is covered with an aluminium cap and heated for 10 minutes in a glass water-bath maintained at 90-95' C. The contents of the tube are mixed by lateral shaking after five minutes and again just before removal from the water-bath. After cooling and centrifuging for a few seconds to dislodge droplets of condensed water, the tube is shaken to mix the contents ; it is then centrifuged (still covered with the aluminium cap), at 4,000 r.p.m., radius 6 in., for 15 minutes. Clear supernatant fluid, 4 ml., is transferred to a test tube. A blank is prepared by heating a mixture of 3 ml. of water and I ml. of 20% T.C.A. at 90 to 95°C. in a test tube covered with an aluminium cap. After heating for 10 minutes the mixture is cooled. To each tube 0.2 ml. of iron reagent, 0.6 ml. of 40% sodium acetate, and 0.4 ml. of 1: I sulphuric acid is added in that order; the contents of the tubes are mixed after each addition. A photoelectric absorptiometer is set with the blank, and the optical density of the unknown is read using the Ilford 624 green filter and cells of the maximum possible light path. If a spectrophotometer is used a wavelength setting of 535 mti is suitable. The red does not alter in optical density for at least one hour. The iron content of the serum is read from a calibration graph prepared by treating 3 ml. quantities of water containing 0.7 to 5.6 tg.
iron with I ml. of 20% T.C.A., etc., in the same manner as the blank and plotting the optical densities of the resulting colours in the usual way. The colour deviates only slightly from Beer's law (Table I ). The quantities of iron used in the standards correspond to serum iron values of 52.5 to 420 tg.!l00 ml., and, if 20 mm. cells are used to obtain the readings, the corresponding optical densities are 0.1 to 0.8, the range in which the relative error is reasonably low. Many photoelectric instruments can be adapted to take small "tintometer" cells of 20 mm. light path, but some instruments will only take cells of 10 mm. light path. If the latter type of instrument is the only one available, the usefulness of the proposed nmethod is somewhat reduced, but even so the optical densities of the colours obtained will be two to three times greater than those obtained using conventional methods.
Results
Recovery experiments were performed by adding known amotints of ferric iron to pooled serum. The resulting solutions were analysed by the proposed method, and the results shown in Ramsay's (1954) technique and by the proposed method gave average results which were almost identical. Care was taken to ensure that the coloured supernatant solutions obtained using Ramsay's method were optically clear, as the colours are so pale that the slightest turbidity invalidates the results. It was sometimes necessary to centrifuge the coloured solutions for over one hour to achieve the required clarity.
One further point worthy of note is the possibility of inaccuracy due to loss of water during heating in the water bath at 90-950 C. Experiments showed that the volume loss during the whole process of heating and subsequent centrifuging was less than 0.015 ml., and this loss will scarcely affect colorimeter readings, as it only amounts to 0.25%o of the total volume. As the blank and standards are similarly heated, the loss of water may be taken to be negligible if the tubes are covered with aluminium caps during the heating and subsequent centriftuging.
Summary
An improved method for the determination of iron in serum is presented.
The iron is extracted with trichloroacetic acid at 90-950 C. Sulphonated 4 7 diphenyl 1 : 10 phenanthroline reacts with the iron in the presence of thioglycollic acid to produce a water-soluble red two to three times as intense as that produced by conventional reagents.
Moderate haemolysis does not affect the results. The recovery of added ferric iron is quantitative.
